Humans apply complex conceptual judgments to point-light displays (PLDs) representing biological motion (BM), but how animals process this kind of display remains uncertain. Four baboons (Papio papio) were trained to discriminate BM from nonbiological motion PLDs using an operant computerized test system. Transfer tests were given after training with novel BM stimuli representing humans or baboons (Experiment 1), with inverted PLDs (Experiment 2), and with BM stimuli in which body parts had been spatially disorganized (Experiment 3). Very limited transfer was obtained with the novel and inverted displays in Experiments 1 and 2, but transfer was much higher after spatial disorganization in Experiment 3. It is suggested that the baboons did not retrieve and interpret the articulated shape of the human or monkey body from the BM PLD stimuli, but rather focused their attention on the configural properties of subparts of the stimuli. Limits in perceptual grouping and restricted abilities in pictureobject equivalence might explain why the baboons did not map BM PLD displays onto what they represent.
presented humans with animation sequences consisting of a few dots strategically placed on the joints of humans filmed in various activities. The participants promptly recognized the biological object (e.g., a human) depicted by the displays and could even identify his or her action, confirming the contribution of motion cues to the identification of biological objects. Two decades after Johansson (1973) , it is now known that such highly degraded point-light displays (PLDs) suffice to derive a rich variety of conceptual information. Thus, humans can recognize the gender of the model or his or her identity (Cutting, 1978; Hill & Pollick, 2000; Mather & Murdoch, 1994; Troje, 2002) , as well as the emotional connotation of the action (Dittrich, Troscianko, Lea, & Morgan, 1996; Pollick, Paterson, Bruderlin, & Sanford, 2001 ) and even the weight of an object being lifted (Runeson & Frykholm, 1981) . They can also identify the species of the animal represented by the PLD (Mather & West, 1993) . In this kind of research, recognition performance is usually impeded when the dot displays are presented upside down (Pavlova & Sokolov, 2000) , suggesting that the canonical orientation is a relevant dimension for this type of discrimination. The ability to discriminate biological motion (BM) dot displays from nonbiological motion (NBM) ones is effortless and preattentive in human normal vision (e.g., Thornton & Vuong, 2004) and allows for rapid categorization (Johansson, 1973 (Johansson, , 1976 . There remains a debate whether specific neural mechanisms are recruited for the processing of real or represented biological stimuli, as opposed to nonbiological ones (e.g., Thomas & Forde, 2006) . Whatever the neural basis of this ability, PLDs appear to be appropriate stimuli in human research to investigate BM perception in experimental settings.
How do animals perceive Johansson's type of PLDs? Clearly, there have not been as many BM research studies in animals as there have been in humans. Blake's (1993) study on cats was the first to employ BM PLDs in animal studies. Using standard operant techniques, Blake trained two cats to discriminate a BM PLD depicting a cat walking to the right from a NBM one. Different NBM displays were used in training, from random dot stimuli to phase-scrambled BM stimuli. After training, one of the two cats eventually showed good transfer to the same BM display now walking to the left and to a novel animation of a cat running rather than walking. This cat, however, did not transfer when the animation used in training was presented in a noncanonical upside-down orientation, or when it was shown at an unnaturally rapid speed. From these results, Blake concluded, as the title of the paper indicated, that "cats perceive biological motion."
Following Blake (1993) , several studies on pigeons (Dittrich, Lea, Barrett, & Gurr, 1998; Omori, 1997; Omori & Watanabe, 1996) , chicks (Regolin, Tommasi, & Vallortigara, 2000; Vallortigara, Regolin, & Marconato, 2005) , quails (Yamaguchi & Fujita, 1999) , and chimpanzees (Tomonaga, 2001) confirmed that animals can discriminate BM PLDs from NBM ones. However, a detailed examination of the literature reveals several results that seem incompatible with the idea that animals really considered the biological/nonbiological dimension of the stimuli for discrimination.
Considering Blake's (1993) study, it is striking that the successful cat required up to 12,000 trials to discriminate one single BM PLD from only four NBM PLDs introduced in succession during training. Such a lengthy training raises serious doubts about the accessibility of BM in PLDs displays. In birds, preferences of quails and newly hatched chicks imprinted with canonical biological PLDs were unaffected when these stimuli were presented upside down or randomized (Yamaguchi & Fujita, 1999) . The absence of inversion effects suggests that the canonical orientation had no special status in this task, contrary to what would be predicted if the birds perceived the displays as representations of natural living birds. In the same vein, chicks imprinted with BM and NBM stimuli exhibited a postimprinting preference that depended on the gender of the chick but was independent of the biological character of the stimuli (Regolin et al., 2000) . Moreover, there was no clear-cut preference in chicks for the BM stimulus over its NBM scrambled version when the motion path and velocity remained identical, but each point was displaced relative to the original to disrupt global biological coherence (Vallortigara et al., 2005) . Pigeons successfully transferred accurate discrimination of BM/NBM PLDs to full-detail videos when the videos showed the dots on the model's body (Omori, 1997) . However, transfer was impossible when the dots were absent (Dittrich et al., 1998) , suggesting that the processing of videos and dot displays were independent. Moreover, some pigeons could successfully discriminate PLDs made of only three dots (Omori, 1997; see Herman, Morrel-Samuels, & Pack, 1990 , for similar results with one single dot in dolphins). The occurrence of transfer when the stimuli contain so few dots raises concerns about the real nature of the process. It suggests that the animals focused more on the kinematics of a group of dots than on the biological relevance of the whole stimulus. Intriguing results have also been found in nonhuman primates, although primate studies are not as numerous as studies on birds. In a visual search task, a chimpanzee detected a BM stimulus among NBM stimuli faster than an NBM stimulus among BM stimuli (Tomonaga, 2001) . However, transfer tests demonstrated that this asymmetry remained apparent when the position of the frames was randomized in the BM stimulus, which seriously questions the nature of the process involved in this task.
In brief, although this literature clearly demonstrates that animals can successfully learn to discriminate BM from NBM dot displays (e.g., Blake, 1993; Omori & Watanabe, 1996; Regolin et al., 2000; Vallortigara et al., 2005; Yamaguchi & Fujita, 1999) , it leaves unclear the cue(s) they use to distinguish these two kinds of stimuli. It is particularly uncertain whether animals associate the configural dynamic structure of the dots to the actual biological object represented by the stimulus. In addition, most of the relevant animal studies conducted so far have involved birds, and little is known about the processing of biological dot displays by nonhuman primates, our closest relatives.
BM PLDs are rich stimuli that contain several kinds of information on BM. As natural motions have specific ballistic signatures, information on BM can be retrieved from the analysis of the motion of the individual dots without consideration of the overall structure of the configuration of dots (Troje & Westhoff, 2006) . Another important source of BM information is the configuration of the dot patterns, which may or may not map the global body structure of the real living organisms in motion (Johansson, 1976) . Our hypothesis was that the configural properties of the BM stimuli are a critical factor for the recognition of the pictorial content of the PLD, and we therefore investigated the contribution of these cues during BM/NBM PLD discrimination.
Three experiments on the processing of BM and NBM PLDs by baboons are reported. After initial training to discriminate a first set of Johansson's type BM/NBM displays, we assessed transfer to novel PLDs representing previously unseen actions (Experiment 1), to biological PLDs shown upside down (Experiment 2), and finally to BM stimuli that had been spatially disorganized (Experiment 3). These three experiments allow identification of the perceptual/cognitive processes subserving recognition of BM and NBM displays by baboons.
Experiment 1: Discrimination of Biological Versus
Nonbiological PLDs
In Experiment 1, baboons were trained to discriminate biological PLDs from their scrambled versions. The speed of BM/NBM discrimination learning and performance in transfer tests with novel animations will indicate to what extent the configuration of animated dot patterns is used by baboons for discrimination.
Method
Participants. Participants were 2 male (B03 and B09) and 2 female (B04, B08) 18-year-old Guinea baboons (Papio papio) living in the primate facility of the Centre National de la Recherche Scientifique (Marseille, France). At the beginning of the experiment, the baboons were already highly familiar with the joystick apparatus and conditional matching-to-sample procedure used in our experiment. The baboons had learned this procedure 8 years prior to the present research (Fagot & Deruelle, 1997) , and they had been continuously exposed to it for various experimental purposes since (e.g., Fagot & Cook, 2006; Wasserman, Fagot, & Young, 2001) . The baboons had already seen stimuli containing motion, such as videos (unpublished experiments), but they had never seen Johansson's (1973) type of stimuli. Our participants lived in social groups of 2 to 4 individuals, had visual contacts with other groups within the animal facility, and regularly encountered a large number of humans (keepers, experimenters, and visitors) in their daily lives. That exposure to humans and conspecifics justified the use of dot displays representing humans or baboons as experimental BM stimuli in our research. The baboons were not food deprived but received their food ration after completion of daily training or testing sessions. The use and care of the animals in this study was fully approved by the local ethics committee for humane care and complied with American Psychological Association guidelines for ethical conduct in the use and care of animals.
Apparatus. The baboons were tested inside an experimental booth (68 ϫ 50 ϫ 72 cm) comprising a food dispenser, a view port, and two hand ports that provided free access to an analogue joystick and a starting panel located 25 cm in front of the cage. Manipulation of the joystick controlled the displacement of a cursor on a 14-in color monitor located 49 cm from the view port. The food dispenser delivered 190-mg banana-flavored food pellets inside the enclosure in accordance with the prevailing reinforcement contingencies.
Stimuli. Stimuli were animated PLDs based on videotape recordings of a human or a baboon, and their corresponding scrambled versions (see Figure 1) . The human dot-light stimuli were selected from BM stimuli available on the Internet (http:// astro.temple.edu/ϳtshipley/mocap.html) and created as explained in Shipley (2003) . They represented three actions: a human walking, a human dancing, and a human pushing an object. To enhance biological information, PLDs moved laterally on the screen following a path isomorphic to the natural depicted motion. The PLDs consisted of 13 moving white dots displayed on a 1024 ϫ 768-pixel black background. The dots were placed on the shoulders, elbows, wrists, hips, knees, ankles, and head of the human model. Each dot was 8 pixels in diameter. The luminance of the dots and backgrounds were respectively set at 0.06 cd/m 2 and 39 cd/m 2 . Dots masked by a body part were not depicted. The animation representing a baboon was created following Shipley's procedure. It showed a lateral view of a baboon walking in a quadrupedal stance across the screen.
Positional scrambles served as NBM stimuli. The use of positional scrambles as stimuli had two main advantages for our purpose. First, it replicated earlier animal studies (e.g., Blake, 1993; Vallortigara et al., 2005; Yamaguchi & Fujita, 1999) and therefore allowed for comparison with already published experiments. Second, the use of positional scrambles as stimuli was the best approach for studying the contribution of PLDs' global configural cues to the discrimination of BM and NBM stimuli. The experiment used one positional scrambled version of each human or baboon BM stimulus, resulting in an equal number of BM and scrambled stimuli. The positional scrambled versions of human or baboon BM animations showed the same dots as the nonscrambled originals that only differed from the original BM animation by their X/Y location on the screen at the onset of the stimulus. In allocating each dot to a given X/Y starting position, we took great care to maintain a constant density of dots and therefore to keep the overall global size of the scrambled version similar to the corresponding original. With this procedure, the motion path of each individual dot as well as its horizontal displacement, vertical displacement, speed, and temporal synchronicity with the other dots were thus identical to those of the corresponding dot on the BM version. The only difference between the BM and NBM versions concerned the global spatial configuration of the dots, which was biologically coherent in the BM original animation but biologically incoherent in the NBM scrambled version. All PLDs lasted approximately 3 s. Successive frames were displayed at a speed of 30 Hz. At least in humans, perception of BM dot stimuli at that speed provides a vivid impression of a natural BM (Neri, Morrone, & Burr, 1998) .
General procedure. A trial was initiated when the baboon touched the starting panel. A cursor (a 0.5°visual angle green circle) and a fixation point (a 0.5 ϫ 0.5°visual angle white square) then appeared in the center of the monitor screen. In response to this display, the baboon had to move the joystick so as to place and maintain the cursor on the fixation point. A biological or scrambled PLD then progressed laterally across the screen for 3 s, with counterbalanced trials for left and right motions. At the end of each trial, a red circle and a yellow square appeared for 3 s on the left and right hemi-fields of the screen. The baboon had to then bring the cursor in contact with the red stimulus when the sample display represented a BM, and with the yellow response stimulus otherwise. Reinforcement consisted of the delivery of a food reward inside the cage. By contrast, nonreinforced trials were followed by a 3-s time out during which the screen turned completely green. Irrespective of the outcome, the screen systematically turned black by the end of the trial during an intertrial interval of 6 s.
Preliminary training. The training was based on the procedure used by Blake (1993) . It consisted of five consecutive phases. In each phase, sessions consisted of 112 trials that were repeated until the baboons performed at least 80% correct with each animation during two consecutive sessions. Within each session, there were equal numbers of trials with the BM and NBM stimuli presented in random order. Phase I involved the presentation of the walking man stimulus and its corresponding scrambled version, both moving forward right to left. Phase II used the mirror left-right image of these two stimuli, which continued to move forward but in the opposite left-to-right direction. Training Phase III then presented the man walking left to right and its corresponding scrambled version moving right to left. The moving direction of each animation was further reversed in Phase IV. Finally, all possible combinations of stimulus by direction of motion were presented within the same sessions in Training Phase V. All trials were differentially reinforced during training.
Note that the use of stimulus motion direction as a discriminative cue was highly difficult if not impossible with this design, in particular in Phases I and II for which the BM and NBM stimuli had an identical constant direction within the same sessions, and in the final Phase V, which used the four combinations of motion by stimulus direction within the same session. In practice, motion was a possible cue only in Phases III and IV, because in these two phases the BM stimulus walked in a direction opposite of that of the NBM stimulus. As we discuss later, however, accurate transfer of performance was obtained from Phases III to IV, although each stimulus had its motion direction reversed in these two phases. Such transfer shows that motion direction was not processed as a discriminative cue by our baboons.
Testing. Testing proceeded in two phases. In Test Phase I, each baboon received six test sessions of 128 trials each, containing 112 differentially reinforced baseline trials identical to training, randomly intermixed with 16 probe trials in which the baboons viewed the previously unseen dancing and pushing man animations or their corresponding scrambled versions. Probe trials within a session consisted of four trials per Probe Stimulus (dancing, pushing) ϫ Display Condition (normal, scrambled). They were randomly reinforced on an 80% basis, irrespective of the performance of the baboon. Test Phase II consisted of two 128-trial sessions. These sessions comprised 112 baseline trials intermixed with 8 nondifferentially reinforced probe trials showing the walking baboon as a new PLD stimulus, and 8 other probe trials showing its corresponding scrambled version. The other procedural aspects of test sessions in Phases I and II were identical to those used during training.
Results
Training performance. The analysis of training performance took into account the number of training trials to reach 80% correct with each animation during two consecutive sessions. This criterion had to be reached to proceed from one training session to the next. On average for the group, this training criterion was reached after 8,372 trials (SE ϭ 3,358) in Phase I, and 3,276 (SE ϭ 894), 840 (SE ϭ 472), 1,484 (SE ϭ 710), and 672 (SE ϭ 377) in Phases II through V, respectively. Clearly, Phase I was the longest and most effortful one. It represented more than 50% of the training trials.
Test performance. Scores were defined as the number of correct responses in each condition. Scores in Test Phase I were submitted to a three-way Session (Session 1-6) ϫ Animation (walking, dancing, pushing) ϫ Display Mode (biological vs. scrambled) analysis of variance (ANOVA). Because the number of participants was limited to 4, caution was taken to confirm that the data set passed Hartley's test of variance homogeneity. The ANOVA revealed a significant main effect of session, F(5, 15) ϭ 3.62, p Ͻ .025, that was of little heuristic value because variations in overall performance across sessions (range ϭ 57.4%-75.5%) were independent of session order. More interesting was the significant effect of animation, F(2, 6) ϭ 16.89, p Ͻ .05. Performance was significantly higher on average (post hoc Tukey's honestly significant difference test, p Ͻ .05) in baseline trials than in the probe trials involving the dancing man and pushing animations. By contrast, there was no reliable difference between the dancing and pushing conditions. The effect of display mode was not significant, F(1, 3) ϭ 0.06, p Ͼ .05, and there was no statistically reliable interaction of any kind (all ps Ͼ .05).
The dЈ (discriminability) and C (response criterion) parameters of signal detection theory were also computed and then subjected to statistical analysis. Table 1 provides the values of these two parameters for each subject and test condition. A one-way ANOVA using the animation as the unique factor and the value of dЈ as the dependent variable confirmed that the stimuli used in baseline trials were more discriminable than those used in the two transfer tests, F(2, 6) ϭ 17.66, p Ͻ .003. As shown in Figure 2 , dЈs were larger on average in baseline trials than in the transfer tests involving the dancing or pushing stimuli and their respective scrambled versions (Tukey tests, p Ͻ .05). All participants demonstrated a reliable dЈ ( p Ͻ .05) in baseline trials, whereas a significant dЈ was obtained on transfer trials in only 1 baboon (i.e., B08), and that only for the pushing stimuli. The same analyses conducted on C indicated no reliable difference between the stimulus pairs, F(2, 6) ϭ 1.07, p Ͼ .05, suggesting that there was no response bias at the population level. Additional analyses verified if performance obtained with the dancing and pushing novel actions was reliably above chance for each participant. All baboons were systematically at chance level (one-tailed binomial tests, all ps Ͼ .05) except Baboon B08, who showed reliable performance with the pushing action (one-tailed binomial test, p Ͻ .05).
The analysis of Test Phase II proceeded as for Test Phase I and provided convergent results. Here again, Hartley's test confirmed that the ANOVA did not violate the requirement of variance homogeneity. The Session (1, 2) ϫ Animation (human vs. baboon) ϫ Display Mode (normal, scrambled) ANOVA revealed the effect of animation as the only significant effect, F(1, 3) ϭ 37.87, p Ͻ .01. This effect corresponded to a much higher performance with the walking man stimulus (M correct ϭ 85.71%, range ϭ 77.23%-93.75%) than with the baboon PLD (M ϭ 52.6%, range ϭ 46.88%-56.25%).
Values of dЈ and C for each subject tested in Phase II are given in the bottom part of Table 1 . A one-way ANOVA on the dЈs with animation as a factor showed that the stimuli used in baseline trials gave rise to larger dЈs on average than the PLD of baboons shown in the probe trials, F(1, 3) ϭ 20.7, p Ͻ .03. All participants demonstrated a reliable dЈ ( p Ͻ .05) in baseline trials, but none of the dЈs reached significance in the transfer tests involving the baboon PLD and its scrambled version (see Figure 2 ). The oneway ANOVA conducted on the parameter C indicated no reliable difference between the stimulus pairs used in baseline and transfer trials, F(1, 3) ϭ 0.53, p Ͼ .05. Binomial tests also indicated that none of the baboons performed significantly above chance in the probe trials (one-tailed binomial tests, all ps Ͼ .05).
Discussion
One first important result of this experiment is that the baboons required a very large number of trials to achieve the training criterion in Phases I through V. The longest training period was Training Phase I, which accounted for more than 50% of the total number of training trials. As already mentioned in the Participants section, the baboons were very familiar with the conditional matching task procedure. Moreover, these animals had demonstrated their ability to rapidly acquire discrimination problems presented in a conditional matching task: For instance, they had required only 600 trials to learn a cognitively more complex same/different discrimination task using a 80% criterion (Wasserman et al., 2001 ). This testing history demonstrates that slow learning speeds in the current experiment cannot be attributed to an insufficient familiarity with the test procedure or to an inability to learn and solve conditional matching to sample problems. Slow learning, rather, seems related to the great difficulty the baboons had discriminating and memorizing PLD stimuli.
Although it may seem that our baboons were very slow at learning our task, other animal studies have also reported slow learning. For instance in Blake's (1993) study, cats needed up to 12,000 trials to discriminate BM from NBM stimuli. The training procedure employed with cats involved a stepwise decrease of the perceptual differences between the BM and NBM stimuli, sequentially using static images, random motions, Brownian motions, and positionally scrambled motions as foils in the discrimination task. In the cat study, therefore, the length of training could be explained by this stepwise procedure or by a limited access to the biological content of the stimuli. Our training procedure appears more informative in that respect, due to the use of BM and positionally scrambled NBM stimuli from the outset of training. In our task, the only difference between the stimuli was their overall configural structure, which was either biologically coherent (BM stimuli) or incoherent (NBM stimuli). This fact suggests that the length of training needed in Phase I implies limitations in the access to the biological content of dot animations.
It might be suggested that the baboons solved the task by memorizing the specific set of stimuli used. At this stage of our research, use of an exemplar-based strategy remains a possible account of their behavior, but this explanation does not help to explain why it took so long for the baboons to learn to discriminate two different PLDs in Training Phase I. Clearly, discrimination of PLDs is a much more difficult problem for baboons than for humans (e.g., Johansson, 1976) .
Also striking is the fact that the baboons showed almost no transfer to novel human actions in Test Phase I and even to the presumably more biologically relevant baboon stimuli in Test Phase II. Several hypotheses can be proposed to account for this absence of transfer. One tentative explanation might be that the baboons conjointly encoded the species represented in the display and its action, and consequently did not transfer to the novel BM/NBM displays because they differed from the originals either in the action being performed (in Test Phase I) or in the species (in Test Phase II). An alternative account might be that the baboons did not encode the biological dimension of the stimuli at all and were therefore unable to transfer to the similarly biologically relevant novel stimuli presented on transfer trials. This latter hypothesis should be favored and tested first, because the long duration of early training strongly supports the idea of a reduced encoding of BM information from this kind of PLD. Experiment 2 employed an inversion procedure to test this latter hypothesis.
Experiment 2: Inversion of PLDs
In Experiment 2, discrimination performance was compared for the BM walking man animation and its NBM scrambled version when these two PLDs were presented upright or inverted. This experiment was aimed at assessing whether expertise or past experience had an influence on any inversion effect observed in the current task. One critical property of the inversion effect in humans is that it emerges selectively for mono-oriented stimuli and therefore depends on past experience with the specific stimulus or class of stimuli being tested (Diamond & Carey, 1986) . For both biologically relevant stimuli such as faces (Rhodes, Tan, Brake, & Taylor, 1989) and nonbiological ones such as artificial greebles (Gauthier & Tarr, 1997 ), expert perceivers demonstrate greater effects of inversion than nonexpert ones. We hypothesized that the processing of PLDs could depend on two independent sources of expertise. One could come from participants' previous exposure to the natural objects represented by the BM PLD (e.g., the real humans regularly encountered in their daily lives). The level of expertise can only affect the processing of the BM stimuli and should consequently lead to a stronger effect of inversion for the BM stimulus than for the NBM one. Such a finding, if obtained, would suggest that the canonical upright orientation of the walking man PLD has a special status for baboons, and that the animals related, in one way or another, the BM walking man dot display to a natural walking man.
A second source of expertise could result from the numerous presentations of our stimuli during the study, without external influence of earlier exposure to the natural stimulus. This kind of influence should affect the processing of BM and NBM displays to the same extent, considering that all BM and NBM stimuli were presented with equal frequency during Experiment 1. In other words, comparison of inversion effects for BM and NBM displays will provide indications on the real biological relevance of BM PLDs.
Method
Participants and apparatus. These were identical to those in Experiment 1.
Testing procedure. The baboons received three consecutive 128-trial test sessions. Each session contained 112 differentially reinforced baseline trials in the same upright orientation as in Experiment 1, which were interspersed with 16 probe trials. All stimuli were inverted in probe trials. The 16 probe trials consisted of 8 trials involving an inverted presentation of the (biological) walking man animation used in baseline trials, and 8 trials involving an inverted presentation of its scrambled version. The other aspects of the procedure, for example, in terms of reinforcement contingencies and trial order, were identical to Experiment 1.
Results
The number of correct responses in each condition was calculated. These scores were submitted to a three-way Session (Session 1-3) ϫ Dot Display (biological vs. scrambled) ϫ Orientation (upright, inverted) ANOVA after confirmation that this analysis did not violate the assumption of homogeneity of variance (Hartley's test). The ANOVA revealed a significant main effect of stimulus orientation, F(1, 3) ϭ 12.32, p Ͻ .05. Averaged over the whole group, scores were lower with inverted (63.5% correct) than with upright (86.83% correct) displays.
No other reliable main effect emerged from this analysis (all ps Ͼ .05). Moreover, the Dot Display ϫ Orientation interaction was far from statistical significance, F(1, 3) ϭ 0.002, p ϭ .96. The lack of any reliable Dot Display ϫ Orientation interaction, shown as percentages in Figure 3 , suggests that the processing of BM and NBM stimuli was not differentially affected by the inversion.
Scores were also separately analyzed for each baboon. Considering baseline trials, all participants were reliably above chance with both BM (range ϭ 82.74%-95.247% correct) and NBM (range ϭ 76.16%-94.05%, one-tailed binomial tests, all ps Ͻ .05) baseline displays. This finding shows that the introduction of probe trials within the sessions had little or no effect on baseline performance. More important for our purpose, the prediction was tested that the inversion of the stimulus more strongly disrupted individual performance for the BM than NBM animations. That directional prediction was tested with one-tailed chi-square tests ( p Ͻ .05) comparing the number of correct responses obtained by each baboon in the inverted BM and NBM conditions. None of the 4 baboons exhibited a reliable reduction in performance for inverted BM displays in comparison with the inverted NBM ones.
The values of dЈ and C are given in Table 2 for each baboon. An ANOVA using animation as the unique factor showed that the baseline stimuli gave rise to larger dЈs on average than the inverted stimuli, F(1, 3) ϭ 9.38, p ϭ .05 (see Figure 3 ). All participants had accurate ( p Ͻ .05) recognition performance in baseline trials, whereas accurate discrimination was attained by only 1 subject (i.e., B08) with the inverted stimuli. In addition, analysis of the C parameter with a one-way ANOVA showed no reliable difference between the stimulus pair used in baseline and the inverted pair, F(1, 3) ϭ 0.47, p Ͼ .05. In addition, all participants except 1 (i.e., B08) showed chance-level performance in probe trials (one-tailed tests, all ps Ͻ .05).
Discussion
The baboons as a group showed a clear reduction in overall performance when the stimuli were presented inverted. It is interesting that there was no evidence in the data set that the effect of inversion was stronger for the BM and NBM stimuli. We take this result as an additional indication that the baboons did not encode the BM stimuli by reference to their corresponding natural scene (in the present case, a real walking man). In the discussion of Experiment 1, we suggested that failures to transfer behavior to the novel dancing or pushing actions, and also to the more ecologically relevant motion of a walking baboon, could have reflected the joint encoding of the action and the species. This hypothesis must be rejected, because an encoding of such a high order would require a minimal sensitivity to the biological content of the PLDs that was not demonstrated here. Experiments 1 and 2 suggest, rather, that the baboons processed the PLD as nonrepresentative but monooriented spatial configurations and that they gained expertise with these stimuli as a consequence of repeated exposure during the experiment. However, a question mark remains for Baboon B08, who was the only animal to demonstrate transfer of performance to novel animations (i.e., the pushing stimulus in Experiment 1 and the inverted stimuli in Experiment 2). The behavior of this animal is discussed later in light of the results of the next experiment.
Experiment 3: Shifting Body Segments in PLDs
A novel test procedure was used in Experiment 3. Here, stimuli used in transfer tests consisted of original BM and NBM PLDs that were split into two approximately equal parts, the lower half of the PLD now being presented above the intact upper half. Note that this manipulation disrupted the general structure of the configuration without altering the kinematics and the spatial relations of the dots composing each part.
These stimuli were a good vehicle to test the hypothesis that the baboons remembered the configurations as wholes. Use of this strategy would be confirmed if recognition became impossible for both BM-and NBM-shifted PLDs, because the shifting procedure drastically alters the overall structure of each exemplar. An alternative strategy would be to process subparts of the stimuli in the absence of any recognition of the real object depicted by the PLDs. This strategy would be confirmed by positive transfers and accurate performance for both BM-and NBM-shifted displays, because subparts that might have been processed in the BM or NBM dot display remain unaffected by our shifting procedure.
Method
Participants. Participants were the same as in Experiments 1 and 2.
Stimuli. Baseline stimuli were the same as in Experiments 1 and 2. Two different new stimuli were used in probe trials. The first was a body-shifted version of the original walking man animation. This stimulus was created by shifting all five points corresponding to the ankle, legs, and feet above the eight points representing the trunk, arms, and head. Note that this procedure preserved the natural motion of the legs, feet, trunk, and arms but showed the legs and feet above the head in a non-natural fashion. A similar procedure was adopted to create the second probe stimulus, namely, the NBM-shifted stimulus. That stimulus was created by shifting the subconfiguration made by the five lowest points of the NBM original above the originally upper eight-point subconfiguration. The other aspects of these two probe stimuli, for example, in terms of density, size, and dot synchronicity, were identical to the original BM and NBM stimuli used Experiments 1 and 2 and baseline trials.
Procedure. The baboons received three 128-trial test sessions, each containing 112 differentially reinforced baseline trials intermixed with 16 probe trials. Baseline trials used the walking man stimulus and its scrambled version of Experiments 1 and 2. The 16 probe trials involved 8 presentations of the shifted body parts version of the walking man, in addition to 8 presentations of the shifted version of the NBM original scrambled stimulus. The other aspects of the procedure were the same as in Experiment 1.
Results
Scores were defined as the number of correct responses in each condition. They are represented as percentages in Figure 4 . Scores were submitted to a three-way Session (Session 1-3) ϫ Stimulus Note. Discriminability or response criteria greater than p Ͻ .05 are indicated in bold. FA ϭ false alarms; dЈ ϭ discriminability; C ϭ response criterion; Exp ϭ experiment.
(normal, shifted body part) ϫ Presentation Mode (scrambled, nonscrambled) ANOVA after homogeneity of variance was confirmed by Hartley's test. None of the main effects emerged as reliable from this analysis, including the main effect of stimulus, F(1, 3) ϭ 6.53, p Ͼ .05. In addition, the Stimulus ϫ Presentation Mode interaction was not even close to significance, F(2, 6) ϭ 0.97, p ϭ .43, and none of the other possible interactions was significant. The analysis showed that all 4 baboons achieved above-chance performance with the unscrambled (range ϭ 77.4%-88.7% correct) and scrambled (range ϭ 79.8%-92.2%) versions of the baseline stimulus (binomial one-tailed test, p Ͻ .05). The prediction that our shifting procedure disrupted performance more strongly for the NBM than for the BM animations was tested with one-tailed chi-square tests ( p Ͻ .05) comparing the number of correct responses obtained by each baboon with the two shifted stimuli. The performance achieved by each individual baboon with the shifted BM PLDs (M ϭ 70.8%, SE ϭ 6.9) was never significantly different (all ps Ͼ .05) from the performance obtained with the shifted NBM displays (M ϭ 67.7%, SE ϭ 3.6; see Figure 4) .
The values of the dЈ and C parameters are provided in Table 2 . Statistical analyses indicated no reliable difference between dЈs obtained in baseline trials and those of the transfer test involving the shifted stimuli, F(1, 3) ϭ 3.81, p Ͼ .05 (see Figure 4) . All participants had accurate ( p Ͻ .05) recognition performance in baseline trials, and that performance transferred to the shifted pairs in 2 of the 4 baboons (i.e., B04 and B08). The analysis of the C parameter by way of an ANOVA indicated no reliable difference between the stimulus pair used in baseline and the inverted pair, F(1, 3) ϭ 0.13, p Ͼ .05.
Discussion
Experiment 3 reveals that the performance achieved by the baboons with the original BM and NBM stimuli remained significant after the BM stimuli had been spatially disorganized. This conclusion derives first from the ANOVA conducted on scores at the level of the group and is further confirmed by the reliable dЈs obtained for Baboons B03 and B09. The pattern of results discounts the hypothesis that the baboons memorized the stimuli as wholes, because performance would have dropped to chance level if our hypothesis had been correct. The results suggest, rather, that these baboons processed the task by considering one or several subconfigurations that were unaffected by our shifting procedure. At this point, this hypothesis can also account for the results of B08 and B04, who did not transfer in probe trials, if we assume that these animals attended to the stimulus region corresponding to the line of cut for spatial disorganization (i.e., the region of the waist). An alternative explanation for their lack of transfer would be that these 2 baboons responded to the whole configuration rather than to subparts of the stimulus. This issue is discussed below.
General Discussion

Did the Baboons Process the Biological Content of Our Stimuli From Their Configurations?
In both human and animal research, PLDs are traditionally employed to assess the accessibility of BM information in experimental contexts (Blake, 1993; Johansson, 1973) . The present research has provided no indication that baboons are able to retrieve and interpret the articulated shape of the human (or monkey) body from the PLD biological stimuli. One first result supporting this conclusion is that thousands of trials were necessary in Experiment 1 to train the baboons to discriminate the BM and NBM displays. This length of training is consistent with previous reports in the literature. For instance, the pigeons tested by Dittrich et al. (1998) required approximately 1,300 to 1,600 trials to learn the discrimination, and half of the pigeons involved in that research remained unable to recognize the BM stimuli after 1,800 training trials. In the same vein, one of the two cats tested by Blake required many more trials to learn the BM/NBM discrimination (approximately 12,000 trials), and the second cat never learned the task. The slow learning observed in baboons, cats, and pigeons contrasts with what is known about humans, for whom the processing of the biological dimension appears to be immediate (e.g., Johansson, 1973) . In addition, the fact that all animal studies have reported slow learning suggests that the length of training needed in Experiment 1 is probably due more to the low salience of the biological information than to any problems related to the procedure itself. A second result of theoretical significance is that in Experiment 1, the baboons as a group failed to transfer their training to novel BM and NBM stimuli. Considering that the BM displays employed in transfer tests shared biological coherence with the BM training stimuli, such lack of transfer suggests that biological coherence was not processed by the baboons. Moreover, the absence of transfer to novel BM confirms that perceiving the biological dimension of a PLD for baboons is, unlike for people, neither easy nor automatic (Johansson, 1973; Thornton & Vuong, 2004) .
A third result suggestive of a lack of BM encoding from global configural information was that similar effects of inversion were obtained at the group level with the BM and NBM PLDs. This finding indicates that earlier exposure with real humans or baboons did not affect how PLDs were processed. Finally, similarly accurate transfer with the BM-and NBM-shifted stimuli in Experiment 3 further demonstrate that attention was paid to subconfigurations, irrespective of any mapping between the real living object and its point-light depiction.
Although these converging results suggest that our baboons did not encode the biological content of the PLDs from their configuration, this conclusion must be interpreted with caution. First, it seems reasonable to suspect that some kinds of cognitive/neural mechanisms have evolved in the animal kingdom to tell biological objects apart from nonbiological objects, considering that successful detection of BM must have important consequences for survival. Even though such mechanisms did not emerge in our study, they might very well emerge in studies using more realistic stimuli, like videograph stimuli, or even real living objects. Second, our research has systematically contrasted biological stimuli with their scrambled versions, and therefore used stimuli for which the motion path and velocity of each individual dot were preserved in their BM and NBM versions. This study therefore cannot rule out the possibility that biological information can be retrieved by baboons from the motion of individual dots, as suggested for humans by Troje and Westhoff (2006) . Such a treatment, however, does not imply that the subject is able to recognize the actual living object from its PLD representation. In this context, one first important contribution of our research is to point to the conclusion that PLDs are far from being the most appropriate stimuli to test animals' complex representational abilities, and to suggest caution in the interpretation of earlier PLD studies.
How Did the Baboons Discriminate the PLDs?
The second important contribution of our research is the identification of the perceptual processes supporting discrimination in our task. Taken together, the results of our experiments suggest that the baboons adopted a configural mode of processing that was applied to subconfigurations rather than to the stimuli as wholes. In light of Experiment 1, a process focusing on the configural properties of the stimuli might very well explain why the baboons showed such a limited transfer to new animations, because the test stimuli did not replicate the configurations available in the training stimuli. In the same vein, a focus on the configural properties of the animations fits very well with the similar effect of inversion for BM and NBM stimuli (Experiment 2). Such a strategy can also explain why performance survived spatial disorganization of the stimuli in Experiment 3. In our view, a configural processing of subconfigurations does not imply that the biological content of these subparts was processed.
Note, however, that the results suggest that B08 adopted a processing strategy different from the other 3 baboons. Thus, unlike its 3 counterparts, B08 transferred to the inverted stimuli in Experiment 2 but did not transfer to the disarticulated stimuli in Experiment 3. We take these two results as suggesting that this baboon was more inclined than the other 3 to respond to the whole configuration rather than to a subpart of the stimulus. Still, several aspects of B08's data confirm that this baboon did not consider the biological content of the stimuli for the discrimination. Evidence includes (a) the large number of training trials needed to learn the task in Experiment 1 (i.e., 12,544 trials), (b) the lack of transfer to the novel dancing and walking baboon animations, and (c) the accurate transfer to inverted stimuli. In that respect, the findings on B08 therefore confirm our conclusion that the baboons did not consider the biological content of the PLDs in our research.
Our research provides a novel framework to account for most earlier findings obtained with operant procedures on animal PLD processing. Thus, use of a strategy focusing on the configural properties of subconfigurations, in the absence of any encoding of their biological content, might explain why performance transferred to PLDs containing a very small number of dots (n ϭ 7, Dittrich et al., 1998 ; n ϭ 3, Omori & Watanabe, 1996) . In addition, special attention to PLDs' subparts could further account for some of Blake's (1993) results, such as the need for a lengthy training, the positive transfer from leftward to rightward walks, and strong effects of inversion. Note, however, that this framework cannot account for two of Blake's results, namely, the positive transfer to a running cat and the absence of transfer to the walking cat sequence shown at a running speed. Because these two latter results were obtained on only a single cat, confirmation is required to evaluate their significance.
Why Did the Baboons Show Such Poor Sensitivity to Biological Motion Cues in Our Study?
One question remains after this research: Why were the baboons so insensitive to biological cues in our task? We suggest that the first key reason is that our three experiments contrasted the BM PLDs with their scrambled versions, which made it impossible to discriminate the stimuli by considering only the motion of the individual dots without considering their configural organization (see Troje & Westhoff, 2006) . A second key reason is that the baboons largely failed to group the individual dots of the displays into integrated wholes. In support of this idea, our previous research demonstrated that baboons process the local dimensions of hierarchical stimuli in preference to their global structure (e.g., Fagot & Deruelle, 1997) . When viewing, for instance, a large square made of smaller independent circles, they spontaneously focus their attention on the small circles. This contrasts with an extensive literature demonstrating that humans tested in similar conditions process the global properties of stimuli rather than their local properties (global precedence; Navon, 1977) . In humans, the grouping of dots (Mather, Radford, & West, 1992) or hierarchical global/local stimuli (e.g., Navon, 1977) appears to be automatic and effortless. Comparative baboon/human use of a visual search task revealed that grouping of the local elements into a coherent whole object demands much more attention from baboons than from humans, as revealed by the analysis of visual search slopes (Deruelle & Fagot, 1998) . Following Fagot and Deruelle (1997) , the advantage for local over global element processing has been replicated in pigeons (Cavato & Cook, 2001) , capuchins (Spinozzi, De Lillo, & Salvi, 2006) , and even chimpanzees (Fagot & Tomonaga, 1999) . Such relative deficiencies in grouping might explain why the baboons took so long to discriminate the displays in Experiment 1. Because the perception of the global structure of stimuli is facilitated with increasing element density (Deruelle & Fagot, 1998; Fagot & Tomonaga, 1999; Spinozzi et al., 2006) , a likely strategy for the baboons was to focus on subparts of the stimuli containing the greatest dot density. For the baboons, expertise acquired during the training phases was required to detect these high-density subparts and to extract their configural properties.
In a different perspective, perceiving the biological dimension of a PLD implies that the subject can relate in one way or another this two-dimensional stimulus to the living object it represents. One complication is that PLDs lack the shape, color, texture, and depth cues that are known to contribute efficiently to object recognition (e.g., Biederman, 1987; Marr, 1977) . Perception of BM from PLDs implies some form of equivalence between the pictorial stimulus and the real object, in spite of reduced perceptual cues to detect that equivalence. Whether animals process twodimensional depictions as equivalent to real objects remains uncertain, even with stimuli much more realistic than BM PLDs, such as pictures, line drawings, or even full videos (e.g., Schrier & Brady, 1987; see Fagot, 2000 , for a recent review). In this context, the apparent insensitivity of the baboons to global BM cues on PLDs could be the result of a more general limitation of these animals' ability to encode such degraded two-dimensional stimuli as iconic signs representing natural three-dimensional objects (e.g., Deacon, 1997; Fagot, 2000) .
